Abstract: Tools for eliciting and managing product requirements are now well-established in some fields of engineering. These tools primarily focus on linking objective, functional customer requirements to the product's properties. Whilst there have been advances in identifying human factors requirements, the elicitation of the customers' subjective requirements of a product remains a challenge. This article reports a comprehensive case study in the use of affective engineering to elicit the subjective requirements for moisturizer packaging. The methodology uses focus groups and surveys to elicit subjective requirements. The results of semantic questionnaires are reduced using principal components analysis to translate the subjective requirements into values for physical properties of the packaging. The resulting requirements for surface textures, shape, and color were validated using questionnaire responses to prototype packaging. The study highlights research issues associated with recombining stimuli that have been tested separately.
Introduction
Tools for eliciting and managing product requirements are now well established in some fields of engineering [1] [2] [3] , to the extent that safety critical systems, for example, are often verified using formal languages. These tools primarily focus on linking the functional customer requirements to the product's properties. While there have been advances in identifying human factors requirements, such as ergonomics and usability, the elicitation of the customers' subjective requirements of a product, such as feeling pleasure when using the product, remains a challenge. And yet, as many products mature in the marketplace, consumers' expectations have evolved such that functionality and usability are taken for granted, and the remaining product differentiators are the subjective responses to the product experienced by the customer. This article reports a study into the use of affective engineering to elicit the subjective requirements for moisturizer packaging.
Affective engineering is a relatively new field of design concerned with understanding people holistically, judging the superiority of the design on the basis of a broader relationship between the product and the individuals for whom it was designed [4] . Affective engineering involves translating consumers' feelings for a product into design elements. Affective engineering is closely related to Kansei Engineering, which has been developed since the 1970s by Professor Nagamachi of Hiroshima University. Kansei Engineering has been successfully applied to many products, such as car interiors and cosmetics. See [5] for a full review. There are different manifestations of Kansei [6, 7] .
The noun 'affect' refers to several psychological states such as emotions, feelings, moods, sentiments, and passions, each of which differs in duration and impact. This study is principally concerned with the emotions and feelings elicited by product packaging and also considers subjective responses that are judgments, such as whether a product looks expensive. To avoid ambiguity, the words 'subjective response' are used in this article when referring to affective responses and subjective judgments.
While there are a number of tools available for eliciting subjective requirements that are complementary to affective engineering (such as experience-based design [8] , product personality profiling [9] , ethnography [10] , storyboards [11] , and product semantics [12] ), affective engineering attempts to relate the subjective requirements to measurable product properties that can be tested and verified. This principle is illustrated by considering affective design as a set of tools with which to populate the human-centered design process from ISO 13407 [13] (Figure 1 ). The principle of affective design is highlighted by the tasks to specify the context of use and user requirements (in this case the subjective) and to later evaluate the designs against those requirements. This differs from many traditional processes in which the design evolves based on the experience and creativity of the designer and denies the possibility of an objective assessment of the final design against the stated specification.
The steps of the methodology used in this study, which map onto the phases of the human-centered design process, are as follows:
1. Identify product context. The first step is to develop an understanding of the product, packaging, consumer, and market contexts using techniques such as focus groups and video ethnography, and hence to identify the product features that have the most influence on the subjective requirements of consumers. The motivation for this study came from Procter and Gamble, who wanted to develop the packaging for a body moisturizer as a brand extension to an existing product range. The target demographic for the study was women aged between 18 and 50 who already purchased one of the company's products. In this study, the focus group was used to understand and specify the product context.
Adjective generation and reduction.
Step two is to use the understanding of the product context to develop a corpus of adjective pairs that can be used to assess the required subjective response. The list of pairs is reduced to 20 or so using pilot studies or affinity diagrams for use in a semantic differential questionnaire. In this study, focus groups were used to generate adjectives and a pilot questionnaire was used to reduce them. 3. Create test stimuli. Stimuli are generated using the output from the step 2. In this study, the number of stimuli was reduced using semantic mapping. 4. Perform semantic differential experiment. The approach taken in this study was to use the semantic differential technique described by Osgood et al. [14] .
5. Analyze and interpret results. The data from step 5 is reduced using principal components analysis and component scores are calculated for the stimuli. This allows the placement of the stimuli in perceptual space to support an interpretation of their subjective properties. 6. New product evaluation. The results from step 6 are used to identify the subjective requirements for a new product. A prototype of the new product is created with which to validate the results of the study.
In the remainder of this article, a case study using this affective engineering methodology is presented.
Identify Product Context and Collect Adjectives
Demographic information was collected using a questionnaire distributed to 25 females. The questionnaire asked about age, levels of wealth (inferred from postcodes) and their moisturizer purchasing habits. This information allowed the identification of users who fit the demographic who could then be recruited for further studies.
The shapes, volumes, textures, and colors of existing packaging were analyzed to provide an understanding of current products.
Nine female participants from the specified demographic were recruited to a focus group. All the focus groups in this study conformed to the format described by Krueger and Casey [15] . The purpose of the focus group, which was not disclosed to the participants, was to gather information about brand recognition and consumer feelings about packaging, and to collect adjectives for the semantic study. The focus group meeting took place in comfortable surroundings, around a round table, was moderated by a female, and was video recorded. First, the participants were asked to offer names of different skincare brands or products. Second, the group was asked to observe pictures of merchandise on shop shelves and asked which product or brand was more noticeable and why. Third, the group ranked brands according to their preference taking into account product quality and packaging. Fourth, the participants were asked to select a moisturizer that appealed to them and were encouraged to try it. Participants were then asked individually why they chose that particular product and what they liked and disliked about it. Finally, participants were asked which adjectives they would use to describe moisturizers. Stimulation was provided by displaying a slide show of magazine adverts for moisturizers. The adjectives used by the focus group were supplemented by synonyms and words from beauty magazines and advertisements.
Of the 25 women who took part in the first demographic survey, 11 used the Procter and Gamble brand. Of those, all owned their own property, whereas only 25% of those who used other brands owned their own home. The youngest of the users of the Procter and Gamble brand was 38 years old. The findings were consistent with information about the target demographic provided by Procter and Gamble.
During the focus group study, brand recognition repeatedly arose as a reason for mentioning a product. When shown pictures of shop displays of moisturizers, many participants recognized particular brands through their shape, graphic design, or colors. Selecting a product because it is recognizable is a theme that continued to emerge throughout the study.
Packaging design also influenced people's choice. One participant said, 'I think it's probably the shape and the color of the packaging', when asked why she had identified a particular moisturizer from a picture. One said 'The way it's packaged and put on the shelf' can influence their purchase decision, and another said, 'The packaging for me was too loud'.
Participants' shape preferences appeared to revolve around basic shapes, such as tubs or jars, and getting value for money. One said of tubs 'you're spending less on packaging so you feel you're getting more value for money'. The lighter colors of packaging seemed more popular, generating adjectives such as 'pure', light greens were thought 'fresh', whereas the 'loud' orange or yellow packaging were found to be a put-off.
Cost was frequently mentioned. For example, color can make consumers feel 'as though they probably cost a bit more'. The shape of the packaging can convey an image of luxury, or conversely simplicity and hence value for money. The shape of the product affects how much is left at the bottle of the jar. Paler colors created a greater sense of value, giving the impression less was being spent on the packaging. Complex pump mechanisms were assumed to be a large part of the final cost and participants felt this was a waste of money. Ease of use was also mentioned frequently during the focus group.
How the products felt when applied to the skin was discussed in the focus group, although the texture of the packaging was not mentioned. When prompted by the facilitator, 'When you're buying a product do you ever tend to pick it up before you make the decision to buy it? Do you ever pick it up and have a feel?', all of the ladies replied, 'Oh yeah', 'Always'.
Showing advertisements for moisturizers to the participants of the focus group was an effective method for eliciting adjectives. For example, one magazine advertisement received a favorable response from the participants and generated words such as cosy, pure, contented, protecting, cold, and simple. These methods elicited 116 adjective pairs.
Although not an explicit issue amongst the participants in the focus group, both the researchers and Procter and Gamble thought surface textures of packaging materials to be an important issue during initial purchase decisions, and it was decided that investigation of textures should form part of the main study. Thus shape, color, and texture were chosen as the requirements of packaging to be investigated in the main study.
Adjective Reduction
The next stage of the study was to reduce the number of adjectives collected by the focus group to around 20 appropriate adjectives to be used in the main semantic differential experiment. The adjectives collected from the focus group were collated into a pilot semantic differential questionnaire accompanied by the antonym (i.e., happy and sad). The beginning of the questionnaire contained an introductory statement to explain the purpose of the survey and provide guidelines for answering the questions [16] , and a pictorial representation of the scales were presented to aid understanding [14] (Figure 2) .
The questionnaire comprised 116 adjective pairs. One pair (clean, dirty) was repeated three times to support reliability tests, and the adjectives were listed with random polarity [16] . The questionnaire was completed by 77 members of the target demographic.
To guarantee the adjective pairs chosen were dissimilar and cover all aspects of subjective responses towards the product, they were classified into evaluation, potency, and activity words [14] . The mean, standard deviation, and variance of the adjective pair scores were calculated. Those adjectives in each classification with the smallest variance, and hence the highest discrimination, were retained. The reliability of the questionnaire was tested using the test-retest method on those adjectives that had been repeated in the questionnaire. Reliability was measured using correlation coefficients (R-values) between the sets of responses. R-values were considered to be good if they exceeded 0.7 [17] .
Four sets of respondents' data were removed because they exhibited high variance. The correlation coefficient of the remaining data was 0.76, thus showing the survey reliable. The adjective reduction exercise resulted in the selection of thirteen adjective pairs. The adjective pairs were calming-not calming, velvety-rough, silky-not silky, relaxing-stressful, soft-hard, gentle-harsh, nourishing-unhealthy, soothing-irritating, clean-not clean, fresh-not fresh, revitalising-not revitalising, appealing-not appealing, and smooth-coarse.
Stimuli Creation and Reduction
Existing packaging shapes were classified according to volume, dimensions, proportions, and shape. 250 mL bottles were chosen as the stimuli as it is the size most associated with the higher-priced products that Procter and Gamble was interested in. The packaging shapes were classified as: cylinder downward taper, flask, tapered oval, teardrop (Figure 3) , tube, upward taper, wide mouthed jar, and waisted.
The CAD models of 48 shapes based on the nine classifications were built. The models did not include features of the closure (such as caps or pumps) that might bias the respondents through functionality or usability issues. The CAD models were colored a neutral gray (N6 on the Munsell scale [18] ). The CAD images of the shapes were displayed on a large screen and were set freely rotating to allow participants to view the models from all angles without having to touch keyboards.
To examine the effect of color, 72 rectangular panels were selected from the SCOTDIC Color Specifier system. Between six and nine panels were chosen from each of the five Munsell primary (red 5R, yellow 5Y, green 5G, blue 5B, and purple 5P) and five intermediate hue (yellow-red 5YR, green-yellow 5GY, blue-green 5BG, purple-blue 5PB, and red-purple 5RP) planes. The set was completed by three neutral panels. Each panel was surrounded by a neutral gray and presented to the participants in a color cabinet. The observers were seated a constant distance from the light cabinet throughout the experiment to ensure that all samples were viewed from the same angle.
The study of surface texture used existing materials from the packaging industry for the stimuli, such as plastics, paper, and card, plus some outliers in the form of textiles and fruit and vegetable skins. The stimuli were mounted on opposite sides of wooden blocks of dimensions 100 Â 45 Â 20 mm with the surface contained between card windows (80 Â 25 mm). The blocks were designed to be easily manipulated by the hands while touching the surfaces between thumb and forefinger and to ensure uniform stimulus size.
Fifty-five materials were collected and presented to participants on the blocks in large plain envelopes. Blind-folding was not used because it can lead to disorientation that influences emotional and cognitive functions [19] . Participants washed and dried their hands before taking part in the research. They were instructed to touch the stimuli in the way that was most natural to them. To minimize fatigue during the main experiment, semantic mapping was used to reduce the number of stimuli. Semantic mapping is a technique which assesses stimuli on a grid against two criteria. Thirty women from the chosen demographic were invited to attend one of the three sessions. Participants were encouraged to view and touch all stimuli before the study began. The participants were asked to place numbered counters representing each stimulus on a grid to indicate how much each stimulus scored against the axes. The axes had been labeled with the most important potency and activity adjectives from the adjective reduction exercise (Figure 4) . The positions of the counters were noted for each participant and the coordinates averaged to produce a plot of stimulus position. The semantic grid technique was used to reduce the number of stimuli for the shape, color, and texture experiments.
Use of the semantic grid technique resulted in 13 shapes and 12 textures having the greatest association with the most desirable attributes of the product. The number of colors was reduced to ten, but four other colors were introduced based on the judgement of researchers to provide a more stimulating variety of colors.
Semantic Differential Experiment
The semantic differential technique [14] was used to measure respondents' subjective responses to the shape, color, and texture stimuli. The format of the questionnaire used in the main experiment was similar to the adjective reduction questionnaire described in Section 3. The header of the questionnaire asked respondents to consider 'I would describe the shape/ texture/color of this sample as being . . . ' and then check the box on the semantic scale that best described the stimulus. The questionnaire included a question that asked the participants for an opinion of the stimulus to provide clarity when analyzing the adjective ratings. For example, a participant may rate the stimulus as feeling not velvety but may consider this to be a positive characteristic. The presentation of stimuli and the order and polarity of the adjective pairs were randomized to reduce fatigue bias.
The questionnaire used in the main experiment differed from that in the adjective reduction exercise in that declarative opposites (clean, not clean), rather than antonyms (i.e., clean, dirty), were used. This was done at the request of Procter and Gamble.
According to rules set out by Bryant and Yarnold [20] the subjects-to-items ratio should be no lower than 5 : 1. As 13 adjective pairs were used, 65 people were recruited to take part. The respondents were presented with the stimuli using the various methods specified in the previous section and asked to complete semantic questionnaires. The results over all the studies were then analyzed.
A principal component analysis was carried out using SPSS version 11.0 to identify the factor loadings of the stimuli and hence determine the participants' subjective responses. The data input to the software was derived from the responses to the questionnaires. Each tick response was scored from À3 on the left to þ3 on the right. For every adjective and stimulus the 65 responses were averaged. These were assembled as a matrix X of order n Â m, where n is the number of stimuli and m the number of word pairs. Within the software, this was conditioned to standardized form X s (each of the m columns normalized to zero mean and unit standard deviation). The correlation matrix X T s X s of order m Â m was created and from this the principal components were extracted using varimax rotation and Kaiser normalization. The output matrix Z of word loadings on to the principal component directions was of order m Â 2. Finally, the n Â 2 matrix of item scores for shape, color, and texture in principal component space was obtained by the matrix multiplications of XÁZ.
The principal components analysis resulted in two factors with eigenvalues of greater than one which accounted for nearly 88% of the variance. The first component appeared to be dominated by words such Figure 4 . Counters placed on a semantic grid during a stimulus reduction exercise.
as velvety and soft, and the second component was dominated by words such as fresh and revitalising. The item scores for each stimulus were plotted as graphs of component 1 against component 2. The ideal shape was found to be that classified as medium oval and the ideal color was 5P2 light heather ( Figure 5 ). Velvet was found to have the highest component scores for surface texture, but due to difficulties of manufacturing packaging with velvet, the second highest scoring surface texture, a screen-printed soft-touch surface, was chosen.
New-product Evaluation
The final focus group was used to test whether the combination of the ideal color and shape identified by the main experiment would result in a packaging design preferred by those in the demographic. Due to the difficulties of manufacturing shapes with both the required color and surface texture, texture was not tested in this part of the experiment. This combination of color and shape was tested in two ways: through the use of PrEmo software [21] and a semantic questionnaire.
PrEmo is a software that uses animation and sounds, rather than adjectives, to describe emotions. In PrEmo, the respondent chooses the feelings elicited by a product by clicking 14 different pictures, each one representing a different emotion. Once the picture has been clicked the sound effect and animation is played and the respondent then clicks on a colored square depending on how strongly they feel this emotion towards the stimulus.
Six bottles for body moisturizer were painted different colors. The bottles were chosen so that each classification of packaging shape was represented. A medium oval shape was manufactured using a selective laser sintering machine. Two halves of a surface with the most favored texture were vacuumformed around the medium oval shape. The insides of the two halves were painted a color that closely matched 5P2 light heather, Dulux Himalayan Musk 5 (70RB 67/067), and the halves were glued to the laser-sintered core. The seven stimuli are shown in Figure 6 . Before the testing started, the participants were shown a screen containing pictures of all seven bottles, allowing the consumers to give a measured opinion during testing. Once the range of stimuli had been viewed, PrEmo was used to display pictures of each stimulus. Each respondent had their own computer and headset, and were able to view pictures of the stimuli and complete the tests in their own time. Ten people participated in this part of the study.
The final seven stimuli were also tested using a semantic questionnaire, the format of which was very similar to the previous two. The adjectives used were those 14 used in PrEmo so that direct comparisons between the results of the software and questionnaire could be made. In order to ensure consistency with the software, adjective quantifiers (very, somewhat, and neutral), which were not used on the previous semantic questionnaires, were introduced on the final one. The question at the beginning of the questionnaire was altered to read 'On viewing this bottle I feel . . . '. These changes were made at the request of Procter and Gamble.
The principal components of the data from the semantic questionnaire were identified and the component scores for each stimulus were calculated. The medium oval bottle in light heather scored highest against both components (Figure 7) . Analysis of the data from PrEmo again revealed the medium oval bottle in light heather as the favorite, being placed close to emotions such as satisfaction, admiration, fascination, and desire. However, as the PrEmo and semantic instruments were being administered, it was noted that participants did not enjoy the surface texture of the prototype bottle.
Discussion
The first focus group clearly identified some of the subjective requirements of the packaging. As expected, shape and color were frequently mentioned but it was surprising that surface texture was not. The researchers found the focus groups to be beneficial when combined with the more structured experimental methods, because focus groups allowed insights that might otherwise have been missed, such as concerns about value for money and functionality.
The semantic grid technique was found to be an effective way to reduce the number of stimuli. However, problems arose because of fatigue bias. Another problem came from users placing counters on the basis of personal preference rather than whether they reflected well the adjectives on the axes. Furthermore, some people had trouble relating the various shapes, colors, or textures to the adjectives.
Manufacture of the final design assumed that combining the favorite shape, color, and surface texture would result in a package design that would also be the most favored. However, it is unlikely that stimuli can easily be combined in this way. For example, just because people like a particular color does not necessarily imply they will like it when it is combined with a Figure 6 . Stimuli for the validation study. The design incorporating the favorite shape and color is the one at the bottom of the picture. specific shape. It appears that although the combination of shape and color was successful, the surface texture was perceived to be incongruent. This could be because of the effect of visual perception of texture.
The literature suggests that how stimuli combine is not straightforward. Although many studies into perception have assumed that the brain analyses the color of a surface independently of its three-dimensional shape and viewing geometry, Bloj et al. [22] show color perception is strongly influenced by three-dimensional shape. On the other hand, Guest and Spence [23] report that, although multi-modal integration has been found in audiovisual, odor/taste and visuo-haptic size discrimination, 'providing congruent information in disparate modalities does not appear to enhance either perception or performance' in discrimination tasks. Thus, it is likely that how stimuli combine depends on which senses are used to perceive those stimuli. Another issue is whether stimuli scale well with each other; perception of color and texture could change with stimulus size.
Because of the need to isolate the subjective responses to shape, color, and surface texture, many other factors that could influence responses were ignored. For example, both smell and sound have been said to have an impact on color perception [24] . The functionality of the container was not included in the studies, although the initial focus group demonstrated that women found the dispensing method to be of utmost importance. Experiments could be performed to identify the favorite dispensing method although the dispensing method would change the perception of the shape. The combination of dispensing methods and shape could be tested using Kansei Quantification Theory Type I [7] .
Furthermore, during the focus group phases of the study, the participants often expressed how, when making the initial purchase decision, the functionality and ease of use at home would affect the decision. This highlights the difficulty in attempting to separate the factors that affect initial purchase and repurchase decisions. People have had experience of almost every product they purchase before they purchase it themselves.
The use of PrEmo in the validation tests compared well with the results of the semantic questionnaire. Participants thought it allowed them to express their feelings readily -it held their concentration better and was generally more interesting than semantic questionnaires. The participants felt that the threepoint scale was adequate although some would have liked the inclusion of an indifference option. As PrEmo uses predetermined emotions, and adjectives such as smooth, silky, or relaxing cannot be used, it might best be used for assessing the final stages of a design.
Conclusions
This article presented a case study in the elicitation and embodiment of affective requirements for moisturizer packaging. The case study is rigorous and comprehensive: the methodology used illustrates the stages of an ideal process that maps well onto the human-centered design framework. The methodology, based on the semantic differential technique, works well, but research challenges remain. The study highlights research issues associated with recombining stimuli that have been tested separately.
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